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If an injection of a bacterial filtrate into the skin of a  rabbit is fol- 
lowed 24 hours later by an intravenous injection of a  culture filtrate 
of the same or another bacterium there appears  an extremely severe 
hemorrhagic necrosis at the prepared skin sites.  This phenomenon of 
local skin reactivity was described by the present author (1-12)  and 
corroborated by Hanger (13), Ecker and Welch (14), and Frisch (15). 
Among the various phases of the phenomenon thus far studied there 
has been reported the specific neutralizability of the reacting factors 
(i.e.,  intravenous factors) by homologous immune sera  (9,  10).  The 
object of the work presented in this paper was to study the serum 
neutralizability of reacting factors derived from various stock strains 
of the same bacterium and also to determine the influence of bacterial 
variation upon the serum neutralizability of these factors. 
EXPEP  IMK.NTAL 
Horse and rabbit immune sera were employed in this work.  The immunization 
of rabbits was carried out by semi-weekly simultaneous subcutaneous and intra- 
venous injections.  Filtrates  of 6  day old cultures in tryptic digest broth were 
injected subcutaneously.  Unwashed heat-killed vaccines were injected  intrave- 
nously.  The doses were increased by 25 per cent at each injection.  The injections 
were carried out for 4 to 6 weeks.  25 cc. of the filtrate was the largest  subcu- 
taneous dose and 20 cc. of the vaccine (1 billion organisms per cubic centimeter) 
was  the  largest  intravenous  dose.  In  attempting  to  prepare  sera  against  B. 
typkosus rough variants and against a strain of B. typkosus passed through mice 
(Ty 159 Mouse 4e), considerable difficulties were encountered because of the high 
mortality rate of the rabbits under treatment.  The procedure of ~mmunization 
was then modified for these strains, as follows: 
The initial dose of vaccine was 100,000,000  organisms.  The largest dose given 
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at the last injection was 5 billion organisms.  Instead of filtrates of tryptic digest 
broth cultures, filtered washings of 24 hour old cultures on solid media were used 
for subcutaneous injections.  The first dose was0.1 cc.  The largest dose was 3 cc. 
Horse sera were prepared according to the method described in a previous pub- 
lication (9).  The length of time during which the immunization was continued 
before each bleeding is indicated in Table II. 
The B. ~yphosus strains used for the experiments about to be described were 
designated Ty TL stock, Ty 157 stock, Ty 159 stock, Ty 864 stock, Ty 870 stock 
and Ty 240 stock.  The B. coli strains also employed for some experiments were 
called C 42 and C stock.  These strains were kept in the laboratory collection for 
from ! to 4 years prior to this work. 
The colony appearance of these strains on plain agar,  with  the  exception  of 
Ty T~ stock and C 42 stock, was of the normal smooth type.  The Ty TL stock 
strain  showed  colonies which  appeared  distinctly  granular  under  the  low  dry 
power.  Their margin was ameboid and somewhat ragged but this was not suffi- 
ciently pronounced to classify this strain  as rough.  This intermediate  type of 
roughness was, however, a stable characteristic which persisted during the entire 
year of observation without any change either in the direction of smoothness or 
more pronounced roughness.  This  stability  was  ascertained  by 42  "platings" 
of this strain.  No typical rough colonies were obtained from old fluid cultures. 
The B. coli strain C 42 stock, kindly sent to me by Dr. Andr6 Gratia 6 years 
ago, was a typical rough strain obtained by him from a bacteriophage lysed cul- 
ture.  The colonies were cauliflower and coarsely granular. 
Broth cultures of the various strains, with the exception of Ty TL stock and C 42 
stock strains, gave uniform growth after 24hours of incubation at 37.5°C.  The Ty 
TL stock strain produced, in addition to the uniform cloudiness, an insignificant 
amount of precipitate which on shaking gave rise to easily broken up flakes.  The 
C 42  stock strain  grew only on the  bottom of the  test  tube,  the  supernatant 
broth remaining perfectly clear. 
All the B. lyphosus stock strains showed well pronounced motility. 
24 hour cultures of various strains on plain agar were washed in distilled water 
by centrifugalization and resuspended in 0.85 per cent and 1.4 per cent NaC1 solu- 
tion.  The suspensions were incubated in a water bath at 37.5°C. for 2 hours and 
then placed in the refrigerator for 22 hours.  The C 42 stock suspension was com- 
pletely agglutinated but the remaining strains stayed in suspension. 
The  various  strains  were grown in  immune  sera in  order  to  obtain  rough 
variants.  The results were as follows: 
12/2/1929, the Ty TL stock strain was inoculated into plain broth containing 
1-10 dilution of Serum R-238 (homologous antityphoid rabbit serum).  After 24 
hours of incubation at 37.5°C.  the growth appeared clumped.  The culture was 
further incubated at room temperature until  12/17/1929.  At this date it was 
plated out on plain agar.  The colonies appeared typically rough.  12/18/1929, 
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incubated at 37.5°C. for 24 hours and later at room temperature.  1/17/1930, 
the culture was plated out on plain agar and a single colony which appeared dis- 
tinctly rough was transplanted onto a plain agar slant.  The rough strain thus 
derived from the Ty T~. stock str~n was designated  Ty TL 238 ser~ strain.  This 
strain grew in plain broth in flaky clumps leaving the supernatant broth perfectly 
clear; it gave complete agglutination  in 0.85 per cent and 1.4 per cent NaC1 solu- 
tions and was non-motile.  The fermentation of sugars was typical of B. typkosus. 
The Ty T~ 245 ser2 strain was prepared from the Ty T, stock strain in an identical 
manner  except  that  Serum  R245  was  used  (homologous  antityphoid rabbit 
serum).  The strain was also typically rough as ascertalnedby the appearance and 
above described tests.  Antityphoid bacteriophage,  obtained from a convalescent 
typhoid patient in the usual manner, was also employed in order to induce bac- 
terial dissociation, as follows: 
1/15/1930,  a tube of broth containing  1-10 dilution  of the bacteriophage was 
inoculated with a young culture of Ty 870 stock strain, incubated for 24 hours at 
37.5°C. and at room temperature for 48 hours and then seeded onto a plain agar 
plate.  The colonies which appeared rough were fished into broth containing 1-10 
dilution of the same bacteriophage and again incubated as above until 1/22/1930. 
At this date a third passage of a rough colony  was made through the bacteriophage. 
The culture plated out (1/29/1930)  gave a number of distinctly rough colonies. 
A culture on plain agar derived from a single colony  was designated Ty 870 phage3. 
The strain persistently retained its roughness as ascertained  several times by the 
tests in plain broth, NaC1 solutions, and unchanged appearance  of growth on solid 
media. 
B. coli C stock strain was converted into a rough strain by means of seven daily 
passages through 10 per cent Serum H14s (anti-c01i horse serum) broth.  The 8th 
passage yielded typically rough colonies, as proven by the above described tests. 
This strain was designated  C rough. 
The other strains of B. typhosus employed here did not undergo any dissociation 
in spite of persistent  attempts, as shown in the following protocols: 
Ty 864 stock was passed  12 times through 1-10 dilution  of antityphoid horse 
serum in plain broth.  The culture of each passage was incubated for 24 hours at 
37.5°C. and 9 days at. room temperature, and plated out on plain agar at the end 
of this period.  A single colony appearing rough was used for the next passage, 
Four passages yielded colonies which appeared questionably  rough.  The colonies, 
however, promptly reverted to the normal appearance when subcultured on plain 
agar for several generations.  The same strain similarly passed through the anti- 
typhoid bacteriophage did not undergo any change.  The other two strains of 
B. typkosus employed in this work (i.e., Ty 159 and 240 stock) were also passed a 
number  of  times  through antityphoid immune horse and rabbit sera  and anti- 
typhoid bacteriophage.  No dissociation  was accomplished  in spite of  a  large 
number of passages. 
The various B. tyi~kosus stock strains were also passed  through mice in order 784  PHENOMENON  OF LOCAL SKIN IZEACTIVITY 
to increase the virulence of the strains and possibly enhance their smoothness. 
The technique adopted for the purpose was, as follows: 
A 24 hour old agar slant of a given strain was emulsified in 0.85 per cent NaCI 
solution to a  turbidity representing approximately 1 billion organisms per cubic 
centimeter.  1  cc.  of the emulsion was injected intraperitoneally into  2  mice. 
24 hours later cultures were made on Endo agar plates from the heart's blood of 
the dead or killed mice.  The 24 hour old growth on the plates was suspended 
to the above indicated turbidity in 0.85 per cent NaC1 solution.  One half of 1 cc. 
of the emulsion was used for injection into a mouse.  Only heart's blood cultures 
were employed for passages.  The strains passed through mice were designated 
mouse strains, with the name of the stock strain from which they were derived and 
a number indicating the number of passages.  None of the stock strains (includ- 
ing the Ty Tr strain) underwent any change in the appearance of the colonies in 
spite of numerous passages. 
The different stock strains of B. typhosus and B. cell, the variants obtained by 
means of immune sera and bacteriophage and the strains passed through mice 
were utilized as follows: 
I.  Serum Neutralizability  of B. typhosus and B. coli Reacting Factors 
a. Preparation of Toxic Filtrates.--The  toxic filtrates necessary for the phe- 
nomenon of local skin reactivity were "agar washings" filtrates prepared in a man- 
ner previously described (6, 7).  These filtrates were designated by their number 
and the name of the strain employed for their preparation.  The "mouse" strains 
did not undergo more than one passage through artificial  media previous to their 
use for the preparation of toxic filtrates.  The 24 hour old heart's blood cultures on 
Endo agar plates were seeded into plain broth.  The plain broth properly diluted 
served as the inoculum for the Kolle flask agar cultures necessary for the prepara- 
tion of the filtrates. 
b.  Titration of the Reacting Factors.--The quantitative measurement of the re- 
acting factors was carried out as follows: 
The rabbits used for titrations were each injected intradermally with 0.25 cc. 
of the undiluted filtrate and divided into groups of four.  24 hours later a  single 
intravenous injection of the filtrate diluted in 0.85  per cent NaCI solution was 
given to each rabbit.  The dose was 1 cc. per kilo of body weight.  Each group 
of rabbits received intravenously a different dilution of the filtrate.  The local re- 
actions were read 4  to 5 hours after the intravenous injections.  The titrations 
were  carried  until  the  lowest  dilution  was  found  which  gave  no  reaction 
in the 4 rabbits tested as well as the highest dilution which gave reactions in one 
or more rabbits of the group.  The mJnlmal dose of reacting factors was then con- 
sidered as lying between these two figures.  If a given filtrate was employed for 
any length of time, repeated control titrations were done.  In these control tests, 
the dilutions employed were both the highest dilution capable of eliciting reactions 
and the lowest dilution giving no reactions.  This was necessary since a  loss of GREGORY  SHWARTZMAN  785 
potency was obtained during storage of filtrates (10,  11) as well as an occasional 
increase in the potency such as was recently observed. 
The  above  described  titration  of  the  reacting  factors  is  different  from  the 
method of titration previously described (9, 10, 12).  In the older experiments the 
object was to demonstrate the serum neutralizability of the reacting factors and 
also to compare the neutralizing potency of various sera against one given batch of 
filtrate used throughout the work.  For this purpose it was sufficient to determine 
the smaUest amount of the filtrate capable of eliciting reactions in a high percentage 
TABLE  I 
The Titer of Reacting Factors in Various  Bacterial Filtrates 
No. of 
filtrate 
A2o 
A2s 
A~s 
823 
778 
834 
989 
852 
846 
848 
779 
838 
840 
971 
980 
911 
1042 
985 
~er cent 
positive  Lowest 
Highest  rabbits  dilution 
Strain used for  dilution  with  of filtrate 
of filtrate  highest  showing  preparation of filtrate  eliciting  dilution  no 
reactions  eliciting  reactions 
reactions 
Ty Tr stock  1 :  400  50  1: 600 
Ty Tr stock  1  : 800  50  1:1000 
Ty Tr stock  1: 600  50  1: 800 
Ty Tr 238 sers  1:600  50  1:800 
Ty Tr 238 ser:  I:700  25  1:800 
Ty "FT. 245 ser~  1  : 600  50  1  : 700 
Ty TL 245 ser2  1:200  50  1:400 
Ty 157 stock  1:1000  25  1:1200 
Ty 864 stock  1:400  25  1:600 
Ty 159 stock  1:200  50  1:400 
Ty T,. Moused,  1:300  25  1:400 
Ty Tr Mouse~  1:500  25  1:600 
Ty 159 Mouse  1:'550  25  1:700 
Ty 159 Mouse,e  1:1100  50  1:1400 
Ty 240 Mouse  1:700  25  1:900 
Ty 870 phage:  1:700  25  1:900 
C stock  1:900  50  1:1100 
C rough  1  : 1000  50  1  : 1200 
Per cent of positive 
No. of  rabbits with 
reacting  various numbers of 
units  reacting  units 
per cc, of 
filtrate  6 react-  l0 react° 
ing units  ing units 
500  -- 
900  ~ 
700  80  80 
700  ~ 
750  --  -- 
650  -- 
300  90  100 
1100  70  I00 
500  -- 
300  --  -- 
350  -- 
550  -- 
625  --  -- 
1250  80  80 
800  ;  ~ 
800  ~ 
1000  :  ~ 
1100  [  --  -- 
of rabbits.  However, in this work, in which studies on the neutralizability of vari- 
ous filtrates derived from different strains were planned, the method of titration as 
presented in this paper became  necessary  because of its sharper  "end  point." 
Table I embodies the titers of the reacting factors in various filtrates. 
As is seen from Table I, all the stock strains tested, as well as their 
variants were capable of producing highly potent toxic substances.* 
* It is interesting to note that provided one area of the skin is prepared  the 
amount of reacting factors necessary to elicit reactions in the skin of certain tab- 786  PHENOMENON  OF LOCAL  SKIN REACTIVITY 
As will also be seen from the same table the minimal dose of reacting 
factors produced reactions only in a small percentage of rabbits in the 
majority  of  instances.  In  planning  the  neutralization  experiments 
about to be described the question arose as to what was the minimal 
number of reacting units which would yield a high percentage of reac- 
tions and, therefore, could be safely used for these experiments.  Var- 
ious  multiples  of  the  minimal  doses  were  tested  in  groups  of  ten 
rabbits.  As is  seen from Table I, 6 and 10 units  already gave a high 
percentage of reactions. 
c. Serum Neutralization  of Reacting  Factors  of  Various  Filtrates.--The  tech- 
nique employed for the neutralization experiments was similar to one described 
before (9, 10).  One area of the skin of the abdominal wall of a rabbit was injected 
with 0.25 cc. of an undiluted filtrate.  22 to 24 hours later a single intravenous in- 
jection was given of a mixture of the same filtrate (diluted previously in 0.85 per 
cent NaCI solution to the desired degree) with a given undiluted serum in propor- 
tion 4:1.  The mixtures prepared on the morning of the experiments were incubated 
in a water bath at 37.5°C. for 1 hour.  The precipitate in the mixtures was broken 
up by shaking immediately before the injection.  The intravenous  dose of the 
mixture was 1.25 cc. per kilo of body weight.  The readings of the reactions were 
made 4 to 5 hours after the intravenous injection.  Each mixture was tested in 
4 rabbits.  If no reactions were obtained in the 4 rabbits tested, the result was 
considered  as showing  "consistent" neutralization of the reacting factors.  If 1 
or 2 out of 4 rabbits tested showed reactions the result was recorded "irregular" 
neutralization, provided not less than 6 minimal doses of the reacting factors were 
present in each 1.25 cc. of the mixture.  This conclusion  was fully justified since 
the control titrations with this amount of reacting factors showed from 70 to 90 
per cent of positive rabbits (Table I).  If 3 out of 4 or all rabbits tested showed 
reactions there was recorded "no neutralization." 
Table II represents  the  results of neutralization  experiments with 
various amounts of reacting factors of different toxic  filtrates  mixed 
with constant amounts of certain immune sera. 
As is seen from Table II and Diagrams 1 and 2, two types of neutra- 
bits may be amazingly small.  In one instance, 0.0009 cc. of the filtrate was cap- 
able of eliciting a severe hemorrhagic necrosis at the prepared skin  site.  If one 
also considers that this amount was diluted in at least 100 cc. of rabbit's blood 
and that a part of it must have been lost in the tissues before reaching the pre- 
pared skin site, the amount actually capable of inducing the lesion is less than 
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lizafions were obtained, i.e., consistent and irregular neutralizations. 
The irregular neutralizations which take place when the amount of 
reacting factors  is  increased beyond a  certain maximum  are  most 
likely due to the fact that the mixtures contain a small amount of free 
reacting factors so  that  only the  rabbits  possessing  a  high  degree 
of reactivity are able to respond with reactions.  Quantitative com- 
parisons of the degree of neutralizability of reacting factors derived 
from various  filtrates  can  be made  accurately by  determining the 
largest amount of reacting factors consistently  neutralized by a  given 
serum.  It does not appear safe to make quantitative estimations of 
the neutralizability of a filtrate by determining the largest amount of 
reacting factors irregularly  neutralized by  a  serum since the  exact 
mechanism of irregular neutralization is not known as yet.  However, 
this type of neutralization offers a rough quantitative comparison of 
the degree of neutralizability of various filtrates by a given serum.  If 
an analysis of this sort is made on the data obtained, the following 
becomes evident: 
Various stock strains of B. typhosus show striking differences in the 
serum neutralizability of their reacting factors.  Out of four strains 
chosen for this work two occupied extreme positions, one showing a 
high  degree of  neutraiizability with  strain  homologous  and  strain 
heterologous sera (Ty TL stock and Sera S~ and $6) and another strain 
(Ty 159 stock) showing no consistent but only irregular neutralizations 
with the same sera.  A horse serum (Horse5  B]eedingm) which was 
prepared by injection of mixtures of various strains including Ty 159 
stock also failed to give consistent neutralizations with Ty 159 stock 
reacting factors,  although giving a  high degree of irregular neutra- 
lization.  The  remaining  two  stock  strains  occupied  intermediate 
positions  in  the  degree of  consistent  neutralizations,  one  (Ty  864 
stock) being of lower neutralizability than the other  (Ty 157 stock). 
The strains preserved the same differences when tested with the poly- 
valent horse serum (Horse5 Bleedingm).  The present tentative ex- 
planation of these findings is as follows: 
The reacting factors  of the strain  showing the highest degree of 
neutralizability appear to be the simplest in their antigenic structure, 
as well as of high antigenicity.  The reacting factors of the remaining 
stock strains appear to represent various degrees of increasing anti- GREGORY  SHWARTZMAN  791 
genic complexity, the Ty 159 stock strain being the most complex one. 
The additional complicating components, however, have to be con- 
sidered of low antigenicity, as is seen  from the fact that polyvalent 
sera,  in the preparation of which there was included Ty  159  stock 
strain, and certain homologous monovalent rabbit  sera fail to give a 
high degree of neutralization with these factors.  Further proof of this 
contention is brought out by the following work with mouse strains: 
The passage of B. typhosus stock strains through mice may or may 
not affect the neutralizability of their reacting factors.  In one strain 
which was considered above as the simplest in the antigenic structure 
of its reacting factors (Ty TL stock) there occurred a  partial loss of 
neutralizability (Ty TL Mouse~3 and Sera S~ and $6).  The fact may 
be  interpreted  as  an  acquirement of additional  components.  The 
factors of another strain considered as the most complex ones (Ty 159 
stock strain) showed no change in the neutralizability of the reacting 
factors after 46 passages through mice.  However, there occurred an 
increase in the antigenicity of the factors of this strain.  This fact is 
well illustrated by the experiments with R-309 serum homologous for 
Ty 159 Mouse46 strain which shows a high degree of consistent neutra- 
lization with the reacting factors of the latter. 
The passage of a strain through mice is not necessarily accompanied 
by an increase in the antigenicity of the factors of low neutralizability. 
The Ty 240 stock strain which showed factors of low neutralizibility 
was tested with the anti-Ty TL stock serum ($5) as well as with an 
anti-mouse-passed-Ty  240-strain  serum  ($6) (previous  unrecorded 
experiments).  Both sera showed low neutralizations with the reacting 
factors of this mouse strain.  (Table II, Diagrams I and 2.) 
As is also seen from Table II and Diagrams 1 and 2 there occurs an 
almost complete loss of neutralizability of reacting factors of the rough 
variants by the anti-stock sera.  The change is illustrated by numer- 
ous experiments (Ty TL 238 ser2 and Ty TL 245 ser,, Ty 870 phage8 vs. 
Sera S~, Se, Horsess/1, and 15/m).  The loss of neutralizability is as- 
sociated with acquisition of a new antigenic specificity.  The "rough" 
reacting factors are consistently neutralized by homologous sera and 
by polyvalent sera, in the preparation of which there were included 
the rough variants (Serum $8 and coli rough; Typhoid rough strains 
and Sera R-303 and Horsess/l~5, ~6/~6, is/m).  Moreover, the two B. 
fyphosus rough variants (Ty TL 238 ser, and Ty TL 245 ser~.), both de- 
rived from the same stock strain (Ty TL), and a thirdB, typhosus rough 792  pHENOMENON  OF LOCAL  SKIN REACTIVITY 
variant (Ty 870 phage3) derived from another stock strain  (Ty 870) 
varied in the degree of their neutralizability by anti-rough sera (Horses 
5/m and ~/m).  The question whether the "rough" reacting factors 
are  able  to  stimulate  antibodies  against  normal  reacting  factors 
is left open. 
In the work which follows  an attempt was made to correlate the 
above findings with the morphological appearance of colonies, agglu- 
tinability and virulence of the various strains and also with the serum 
precipitability and lethal effect of the filtrates studied. 
II. Morphological Appearance of Colonies and the Neutralizability o/ 
Reacting Factors 
As is seen from Part I of this paper the stock strains of B. typhosus 
produced reacting factors of various degrees of neutralizability.  The 
Ty TL stock strain,producing factors of high neutralizability and anti- 
genicity and apparently the simplest in antigenic structure, was mor- 
phologically intermediately rough and was capable of prompt trans- 
formation into complete roughness.  Studies on other similar strains 
are under way in order to determine whether this correlation can be 
definitely established.  The reacting factors of the remaining stock 
strains which differed in neutralizability and were considered more 
complex did not display any difference in the colony morphology, all 
appearing normal.  Neither were these strains transformed into rough 
variants in spite of persistent attempts.  It appears, therefore, that 
strains of normal colony appearance differ in the neutralizability of 
reacting factors which they produce. 
The different rough variants produced by passage through immune 
serum and bacteriophage appeared of morphologically  identical colony 
structure, whilst they differed in the neutraiizability of their reacting 
factors. 
The passage of stock strains through mice which may or may not 
result in a  change of neutralizability was not accompanied by any 
changes in the morphology of the colonies. 
III. Serum Agglutinability of Various Stock Strains  and  Variants of 
B. typhosus and the Neutralizabitity of Reacting Factors 
The tests were performed in the usual manner, except that 0.21 per 
cent NaC1 solution was used for making serum dilutions for the agglu- GREGORY SHWARTZMAN  793 
tination of the rough variants.  The growth of rough variants on solid 
media used for the tests was suspended in distilled water,  washed by 
centrifugalization  and  resuspended  in  0.21  per  cent  NaC1  solution. 
TABLE III 
Serum Agglutination of Various Strains of B. typhosus 
Strain 
Ty Tz stock 
Ty 157 stock 
Ty 159 stock 
Ty TL  stock 
Ty 157 stock 
Ty TL  stock 
Ty 157 stock 
Ty 864 stock 
Ty 159 stock 
Ty TL Mouseu 
Ty T~ Mouse~ 
Ty TL Mouse20 
Ty T~ Mouse~e 
Ty TL stock 
Ty 159 Mouse31 
Ty 159 Mouses~ 
Ty TL 238 ser2 
Ty Tz 245 ser, 
Ty 870 phages 
Ty Tz 238 ser~ 
Ty Tz 238 ser~ 
Ty Ts 245 ser, 
Ty T~ 238 ser, 
Ty T~ 245 ser, 
Serum 
S~ 
Ss 
S~ 
S6 
Se 
Horse5 Bln4 
Horse5 Blm 
Horse5 Blnl 
Horse5 Bln4 
$6 
$6 
Horse, Bltoo 
Horse4 Bltoo 
Horse4 Blloo 
$5 
$5 
$5 
$5 
S~ 
R 303 
Horse5 Bln4 
Horsels Blm 
Horse15 Blm 
Horse15 Bl126 
Degree  of agglutination  with  various  dilutions  of sera 
~7 
4+ 
4+ 
3+  3+ 
4+  4+ 
4+  4+ 
4+  4+ 
4+  4+ 
3+  3+ 
3+] 3+ 
4+  4+ 
4+1  4+ 
4+  4+ 
4+! 4+ 
4+  4+ 
4+ ! 4+ 
4+  4-+ 
2+  -- 
2+  -- 
2+  -- 
4+  4--I- 
4+  4-I- 
4+  4.+ 
4+  4.+ 
4+  4-+ 
4+  4+ 
4+  4+ 
3+ 
4+ 
4+ 
4+ 
4+ 
3+ 
2+ 
4+ 
4+ 
4+ 
4+ 
4+ 
4+ 
3+ 
-I 
4+ 
4+ 
4+i 
4+ I 
4+ 
4+ 
3+ 
2+ 
4+ 
3+ 
4+ 
4+ 
3+1 
1+1 
4+ 
4+ 
4+~ 
4+! 
4+ 
3+ 
4- 
4+ 
4+ 
3+ 
4+ 
4+ 
2+]2+ 
4+ 4+ 
3+'3+ 
4+ 4+ 
3+ 2+ 
3+3+ 
4+ 4+ 
4+ 4+ 
4+ 4+ 
4+ 4+ 
4+ 4+ 
4-  -- 
3+3+ 
4+ 4+1 
3+3+ 
4+ 3+1 
4+ 4+ 
-_ 
~+ 
+'L+ 
L+  -- 
3+  3+I 
t+ 3+ 
t+13+' 
t+ 1+ 
t+]i+ 
Z+2+ 
l+ 3+ 
t+  4- 
3+2+ 
3+2+ 
3+ 1+ 
3+1+ 
=  = 
3+2+ 
3+1+ 
=  =l 
1+  -- 
--T  -- 
1+ I -- 
4-  -- 
2 
m 
m 
l+ 
1+ 
t+ 
= 
= not tested in higher dilutions. 
The results of the agglutination tests with the  various cultures, as re- 
corded in Table III bring out the following: 
There  are  two  modes of  comparison  of  agglutinability  of various 
strains by immune sera: (a) the agglutination titer, namely, the highest 
dilution  of the  serum with which agglutination is  obtained,  and  (b) 
the degree of agglutination in various dilutions of sera.  The agglutina- 794  PHENO~ENON  OF LOCAL  SKIN REACTIVITY 
tion  titer  of the stock strains cannot be correlated with the degree 
of neutralizability of reacting factors derived from the same strains. 
For instance, the agglutination titer of Serum $5 is the same for Ty TL 
stock and Ty 159 stock strains, whilst there is consistent neutralization 
of 26 reacting units of the first and no consistent neutralization of the 
latter  strain.  In  another  example,  the reacting factors  of Ty  157 
stock strain are neutralized by serum Horse5 Bleeding114 to  a  higher 
titer than those of strain Ty 864 stock, but the agglutination titer is 
higher for the second than for the first strain.  On the other hand, it 
appears that the degree of agglutination obtained in various dilutions 
of sera may be an indication of differences in neutralizahility of stock 
strains of B. typhosus.  Thus, should one arrange the strains in order 
of their comparative neutralizability and in order of the intensity of 
agglutination in low dilutions of sera the same order is obtained for 
both.  Thus:  1.--Ty TL stock, 2.--Ty 157  stock, 3.--Ty 864 stock, 
and 4.--Ty 159 stock would fall in this order.  The above described 
observation is  to  be  differentiated from previously reported results 
showing that the agglutinating and neutralizing antibodies do not run 
parallel in immune sera (10). 
The loss of agglutinability due to passage of strains through mice is 
not an indication of a  change in the neutralizability of the reacting 
factors.  For, on the one hand,  there is the example of the Ty TL 
mouse strains which, after passage through mice, produced reacting 
factors of lower  neutralizability without  change in  agglutinability. 
On the other hand, in contrast to this strain, Ty 159 mouse underwent 
a  considerable loss in  agglutinability without  concomitant  loss  of 
neutraiizability of its  reacting factors. 
As is seen from the results of agglutination tests with the rough 
variants of B. typhosus and from neutralization experiments of Table 
II  the  anti-rough agglutinating and  neutralizing antibodies do  not 
run parallel.  In fact, serum Horse5 Bleeding114  which was not able to 
neutralize consistently the reacting factors of strain Ty TL 238 ser, has 
a higher agglutination titer than Serum R-203 which shows consistent 
neutralization of 43 reacting units of the same filtrate. 
As  noted before,  various  degrees of neutralizability  exist  among 
rough variants derived from the same stock strain.  There appears to 
be parallelism between this and the agglutinability of the same vari- GREGORY SHWARTZMAN  795 
ants by immune sera.  (Horsels Bleedingn5 vs. Ty TL 238 ser2 and Ty 
TL 245 ser2.) 
No  antigen  analysis  (i.e.,  somatic  and  flagellar  antigens  of Theo- 
bald  Smith  (22)  etc.) of the various strains employed has been made 
as yet.* 
IV.  Serum Precipitability  of Culture Filtrates of Various Stock Strains 
and Variants of B. typhosus and Neutralizabitity of Reacting Factors 
The results of precipitation tests with various filtrates and  immune 
sera are summarized in Table IV. 
TABLE  IV 
Serum Precipitation of Various Bacterial Filtrates 
No.  Strain used 
of ill-  for preparation of 
trate  filtrate 
A~6  Ty TL stock 
852  Ty 157 stock 
848  Ty 159 stock 
839  Ty TL Mouse~ 
971  Ty 159 Mouse~6 
823  Ty TL 238 ser2 
834  Ty T= 245 ser2 
A26  Ty TL stock 
823  TyTL 238 ser2 
989  Ty TL 245 ser2 
,~o. of 
~erum 
Ss 
$5 
$5  Ty 
$5  Ty 
Ss  Ty 
S~  Ty 
R 30:  Ty 
R 30:  Ty 
R 303  Ty 
Strain used 
for preparation of 
serum 
Ty TL stock 
Ty TL stock 
Ty TL stock 
TL stock 
T~ stock 
TL stock 
TL stock 
T~ 238 ser2 
TL 238 ser~ 
TL 238 ser2 
Degree of precipitation with various dilutions 
of sera 
;+  3+  ±  --  -- 
2+  12+j  ±  I-I- 
4+  I 2+t  -4-  I--I  -- 
4+  L  4+11+1  ±i- 
__$*  __  --  ~  [  -- 
2+  1+  --  -- ] -- 
4+  4+]  l+  ±  -- 
4+ L  4+12+L ~+l- 
2 
en 
i 
** No precipitation was obtained with the filtrate previously diluted 1 to 4. 
A  quantitative  analysis of the  results  cannot be safely made  since 
several dilutions Of the antigens were not used in every instance.  The 
following can, however, be concluded: 
The  "rough"  reacting  factors  which  are  not  neutralized  by  anti- 
stock sera are also devoid of precipitinogens for these sera (Ty TL 238 
ser~ and Ty TL 245 ser~ strains and Serum $5). 
* The  very extensive literature  on  inagglutinability  of  recently  isolated  B. 
typhosus strains and antigen changes occurring in  the course of dissociation is 
reviewed by Baerthlein (16) and Hadley (17). 796  PHENOMENON  OF LOCAL  SKIN REACTIVITY 
The appearance of neutralizing antibodies for the "rough" reacting 
factors is coincident with formation of anti-"rough"  precipitins  (Ty 
TL 238 ser~ and Ty TL 245 ser~ and Serum R-303). 
Abundant precipitation between the filtrate and serum may occur 
in spite of low neutralization (Ty 159  stock and Mouse46 and Serum 
S6). 
V.  Virulence  orB. typhosus Variants and Neutralizability of B. typho~us 
Reacting Factors 
The various strains tested were transplanted into plain broth pH 7.4. 
1 cc. of a broth culture previously diluted in sterile plain broth 1 : 4 was 
TABLE  V 
The Virulence of Variants of B. typhosus 
Total 
number 
of 
mice 
25 
25 
25 
25 
25 
Strain employed 
Ty T~ stock 
Ty TL Mouse~s 
Ty T~ 238 ser2 
Ty TL 245 ser2 
Ty TL stock 
Amount injected intra- 
peritonealIy 
1  cc.  of  1:5  dilution 
Number of deaths after various 
intervals of time 
3 hours ]  b:4rs 
0  I  14 
1  4 
0  0 
0  9 
43 
hours 
1 
3 
4 
1 
1 
90 
hours 
0 
0 
0 
7 
7 
Sur- 
vivals 
4 
8 
16 
18 
8 
injected intraperitoneally into each mouse.  A large number of mice 
were tested in view of the considerable individual variations of the 
laboratory animals in  response  to  the  effect of  the  colon-typhoid 
group.  The results  are  summarized in  Table V.  As is  seen from 
Table V, the passage of the Ty TL stock strain through mice did not 
increase its virulence.  It is clear, therefore, that the change in the 
neutralizability of the reacting factors which occurred in the mouse 
strain is not related to its virulence. 
There is an unquestionable lowering of virulence on the part of the 
rough variants of B. typhosus, as  compared to  the virulence of the 
stock strain from which they are derived.  This was previously ob- 
served for the  colon-typhoid group by Topley and Ayrton, Jordan, 
Orcutt, White, Goyle, Schtitze and others (17).  As is seen from this GREGORY  SHWARTZMAN  797 
paper,  the lowering of virulence is coincident with a  change in the 
neutralizability of the  "rough" reacting factors by anti-stock sera. 
TABLE  VI 
Lethal Effect of B. typhosus  Culture Filtrates upon Mice 
Amount 
No.  of filtrate 
of mice  injected 
tested  intraperl- 
toneaily 
]  ~7c. 
25  '  1 
28  ;  1 
28  1 
25  1 
Strain used for 
preparation of filtrate 
Ty TL stock 
Ty T~. Mouse. 
Ty TL 238 sers 
Ty T~ 245 set2 
No. of 
filtrate 
Ass 
834 
823 
834 
No. of deaths after various intervals 
of time 
3 hours  24  48 hours  hours 
17 
16 
16 
8 
52 hours 
No. of 
survivals 
2 
1 
4 
10 
TABLE  VII 
Lethal Effect of B. typhosus  Culture Filtrates upon Rabbits 
No. o~ 
filtrate 
A~6 
Ase 
911 
823 
834 
834 
989 
989 
84O 
84O 
852 
852 
852 
852 
Strain used for 
preparation of filtrate 
Ty TL stock 
Ty TL stock 
Ty TL stock 
Ty 870 phages 
Ty T~ 238 ser2 
Ty T~ 245 ser~ 
Ty TL 245 ser~ 
Ty T~ 245 ser~ 
Ty T~ 245 sers 
Ty 159 Mouse~l 
Ty 159 Mouse~l 
Ty 157 stock 
Ty 157 stock 
Ty 157 stock 
Ty 157 stock 
Intravenous dose 
per  kilo  of  body  weight 
1 cc. of 1:100 dil. 
I cc. of 1:200 dil. 
1 cc. of 1:400 dil. 
1 cc. of 1:300 dil. 
1 cc. of 1:400 dil. 
1 cc. of 1:200 dil. 
1 cc. of 1:800 dil. 
1 cc. of 1:40  dil. 
1 cc. of 1:20  dil. 
1 cc. of 1:800 dil. 
1 cc. of 1 : 400 dil. 
1 cc. of 1:300 dil. 
1 cc. of 1 : 500 dil. 
1 cc. of 1:600 dil. 
1 cc. of 1:110 dil. 
No. 
of rabbits 
tested 
No  of 
deaths 1-5  I 
hours after  ) 
intravenous  ?- 
I 
1 
1 
1 
1 
1 
1 
I 
1 
I 
1 
1 
No. o~* 
survivals 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
However, there were also differences in the neutralizability of the re- 
acting factors derived from the two "rough" variants by anti-rough 
sera.  No  differences could be recognized in the virulence of these 
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VI.  The Lethal Effect of B. typhosus Culture Filtrates  and Neutraliz- 
ability o/ Reacting Factors 
In these experiments mice were injected with 1 cc. of each undiluted 
filtrate intraperitoneally.  The rabbits* received each a single intra- 
venous injection of diluted filtrate. 
As is seen from Table VI, culture filtrates of variants of B. typhosus 
as well as the stock strain from which they were derived were decidedly 
toxic for mice.  It may also appear that the filtrate of one of the rough 
variants was less than the other (Ty TL 245 set, and Ty TL 238 ser, 
respectively).  However, no conclusion has been drawn as yet in view 
of the extreme variations in the individual susceptibility of laboratory 
animals to the effect of bacterial filtrates. 
As is seen from Table VII, even high dilutions of filtrates irrespec- 
tive of the strains and the type of variants used for their preparation 
proved lethal to  a  small percentage of rabbits.  It is evident from 
the data brought out here that no relationships can be established be- 
tween the lethal effect of B. typhosus filtrates and the degrees of serum 
neutralizability of  the  reacting  factors  present  in  these  filtrates. 
There is an apparent discrepancy between the results on the lethal ef- 
fect of toxic substances derived from rough cultures of the colon-typhoid 
group obtained by the Present author and previous authors.  Thus, 
Goyle (18) found that the filtrate of the autolyzed culture of the normal 
strain of B. enteriditis is more toxic than that of the rough strain, the 
tests being made in 6 mice.  Schtitze  (19) tested washed saline  sus- 
pensions of bacteria heated to 60°C. and 100°C. in mice.  One mouse 
was  inoculated  with  each dilution.  He concluded that  the rough 
variant  of  S-Aertrycke-Glasgow possessed  about  a  quarter  of the 
toxicity of its smooth counterpart.  Heating to 100 ° lowered the tox- 
icity of the S-variant by about a quarter but the toxins of the rough 
variant did not appear to be so labile. 
The discrepancy  of results may be explained by the fact that the mode 
of preparation of filtrates was altogether different (6) from those em- 
ployed by Goyle and Sch~itze and also by the fact that a considerably 
larger number of animals was used (because of individual variations 
* The rabbits used in these experiments were previously injected intradermally 
for titration of the phenomenon-producing potency of the filtrates. GREGORY  SHWARTZMAN  799 
in  susceptibility of  animals).  However,  the  results  of White  (20) 
support the present author's contention.  He states as follows: "Sa- 
line suspensions of smooth  heat-killed bacilli excel those of rough bacilli 
in toxicity.  However, alcohol-treated rough B. typhosus and Salmon- 
ella bacilli exhibit for rats and rabbits a  toxicity which hardly falls 
short of that of smooth.  It seems probable that the potential toxicity 
of the rough derivative approximates to that of the smooth parent 
organism and that contrasts in actual toxicity are due to differences 
in the rate of liberation within the animal body or into fluid culture 
medium," 
DISCUSSION 
From previous studies it has been concluded that the phenomenon 
described is the result of a state of induced susceptibility to antigeni- 
caily specific and neutralizable toxins from a great variety of micro- 
organisms produced in tissues spontaneously resistant.  Inasmuch as 
this phenomenon can be elicited in various organs and inasmuch as it 
is indicative of severe injury produced by specific bacterial toxic sub- 
stances, it possibly expresses in "acute" form the underlying mecha- 
nism in the pathogenesis of spontaneous infectious diseases.  In the 
light of this conception various problems of both practical and theoret- 
ical interest present themselves: 
In previous studies the injury producing factors (i.e.,  reacting fac- 
tors) of the phenomenon under discussion were shown to be species 
specific.  The work embodied in this paper demonstrates also strain 
and variant specificity. 
By the "strain specificity" is meant the fact that various strains, 
chosen at  random, of a  given species of bacteria  produce reacting 
factors which differ in their neutralizability.  The differences are ex- 
plainable on the basis of various degrees of antigenic complexity. 
The "variant specificity" is demonstrated by a number of facts. 
The passage through mice induces in certain strains a partial loss of 
neutralizability of reacting factors.  This is probably due to variation 
towards  smoothness with  an  increase  in  the  antigenic complexity. 
As a matter of fact, the reacting factors of a strain considered as the 
simplest in their structure underwent a partial loss of neutraiizability 
after  passages through mice, whilst the neutralizability of reacting 800  PIKENOMIENON OF LOCAL SKIN REACTIVITY 
factors of a strain found to be the most complex before the passage 
through mice was not influenced by the latter procedure.  The other 
type of "variant" specificity  is conditioned  by the change of a strain into 
rough.  The"rough" reacting factors acquire a new specificity. 
The above described changes in the neutralizability of the reacting 
factors taken together cannot be consistently correlated with colony 
morphology, serum agglufinability and virulence of strains, nor with 
the serum precipitability and general toxicity of the culture filtrates. 
This subject has been taken up in detail in the text. 
Inasmuch as the occurrence of bacterial variation in vivo is a recog- 
nized  fact,  the  relationship  established  in  this  paper  between  the 
neutrahzability of toxic substances and bacterial variation offers an 
opportunity to add new data to our immunological understanding of 
the course of typhoid fever and possibly other infectious diseases. 
As seen previously, B. typhosus strains differ in their ability to under- 
go variation.  If a  given infection is produced by a  "normal"  strain 
incapable of changing into  a  "rough"  one the  toxic substances (i.e 
reacting factors) will be neutralized by the "normal" antibodies devel- 
oping in  the course of the disease.  However, should the strain  be 
capable of prompt change into "rough"  the production of antibodies 
will promote the variation and there will appear in the body "rough" 
reacting factors non-neutralizable by the "normal" antibodies.  Until 
now, the toxicity and  change in  specificity of "rough" bacterial fil- 
trates have not been recognized.  It was known, however, that once 
a strain becomes rough it loses its virulence and, therefore, the pro- 
motion of variation might be considered as a  helpful process.  The 
work embodied in the present paper demonstrates the injury producing 
effect of the "rough" bacterial substances both in general toxicity and 
in  their effect upon prepared skin  sites.  It  also  demonstrates the 
change in  their antigenic specificity.  In the light of  these facts it 
may be assumed that the course of a  spontaneous infectious disease 
would also depend on the ability of a given strain to undergo variation, 
the disease being more protracted when such a  change occurs, and 
lasting until the development of the anti-rough antibodies. 
Inasmuch as the reacting factors of normal strains also vary in their 
neutralizability and the degree of their anfigenicity, it might be ex- GREGORY  SHWARTZMAN  801 
pected that the course of the disease would also depend on these im- 
munological properties of the invading organisms.* 
It is probable that the above considerations will prove of importance 
in planning  the serum therapy of infectious diseases.  Assuming that 
they are so, it would seem necessary to prepare immune sera suffici- 
ently potent to neutralize  the "normal"  reacting factors even of low 
neutralizability.  For this purpose  advantage  could be taken  of the 
above described increase in antigenicity obtained by means of mouse 
passage.  The  serum  should  also  contain  antibodies  specific  for 
"rough"  reacting factors since the  presence  of  such  factors  may be 
expected a priori in any disease running a protracted course and since 
the injection of anti-normal  antibodies will promote their appearance, 
provided the invading organism is capable of the transformation.  The 
author is attempting to prepare in this manner antityphoid and anti- 
coli immune sera for ultimate therapeutic use. 
CONCLUSIONS  AND  SUMMARY 
In this paper there is reported the effect of bacterial variation upon 
the  reacting  factors  of  the  phenomenon  of  local  skin  reactivity  to 
bacterial culture filtrates.  By means of the method described in the 
text the following results were obtained: 
Various stock strains of B. typhosus were found to produce reacting 
factors which differed in their neutralizability  by anti-stock immune 
sera.  The reacting factors of low neutralizability  also possessed low 
antigenicity.  The passage of strains  through mice brought about in 
one instance  a  lowering of neutralizability  of reacting factors and in 
another instance had no effect.  It was possible to increase the anti- 
genicity of the reacting factors by passage of the strain through mice. 
* It is of interest  to mention here the work by Durham  (21), who many years 
ago assumed that the original typhoid infection is produced by various strains of 
allied bacilli.  According to his view, if the different strains are similar, antibodies 
are produced to the several strains and no relapses occur.  If a particular strain 
predominates in the primary attack, though effective antibodies to this strain may 
be produced and may bring the attack to an end, few or perhaps no antibodies will 
be produced to the less abundant strains.  These strains may then be responsible 
for a relapse. 802  pHENOMENON  OF LOCAL  SKIN  REACTIVITY 
Transformation of "stock" strain into "rough" brought about the 
formation of reacting factors of new specificity.  The "rough" reacting 
factors were neutralized by homologous sera and also differed in their 
neutralizability. 
Reacting factors of various degrees of neutralizability were produced 
by stock strains which did not display any difference in colony appear- 
ance (with one exception).  The "rough" reacting  factors  appeared 
in strains of typical "rough" colony morphology.  However, "rough" 
strains  of the  same degree of roughness morphologically differed in 
the neutralizability of their reacting factors.  The changes in neutral- 
izability elicited by passage through mice had no influence on colony 
morphology. 
There seemed to be a parallelism between the degree of agglutinabil- 
ity of stock strains by anti-stock sera and the degree of neutralizability 
of reacting factors of the same strain. 
It was possible to obtain a partial loss of neutralizability by passage 
through mice with and without  change in agglutinability.  The ag- 
glutination titer  of  anti-rough  serum was  not  an  indication of  its 
anti-rough neutralizing properties. 
The degree of neutralizability of "rough" reacting factors paralleled 
the specific serum agglutinability of the strains producing them. 
Abundant precipitation occurred in  mixtures of toxic filtrates and 
immune serum in spite of low neutralization.  The filtrates of rough 
cultures non-neutralizable by anti-stock sera failed to precipitate with 
the latter.  The appearance of neutralizing anti-rough antibodies was 
coincident  with  the  development of  anti-rough  precipitates. 
The rough strains possessed a lower virulence than the stock strains 
from which they were derived.  However, there was no difference in 
the virulence of "rough" strains, the reacting factors of which differed 
in their neutralizability.  The filtrates  containing "rough"  reacting 
factors were seemingly as lethal to mice and rabbits as were filtrates 
of stock cultures of B. typhosus. 
The possible relation of these findings to the immunological under- 
standing of the course of  infectious diseases  and to serum therapy 
is discussed. GREGORY SHWARTZM.AN  803 
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